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ABSTRACT

Background: The use of spinal anesthesia (SA) as opposed to general anesthesia (GA) during elective lumbar
spine surgery is an emerging technique and represents a potentially modifiable factor to limit perioperative
complications. Few studies, however, have compared these anesthetic techniques in an elderly population. The aim of

this study is to determine if SA is a safe alternative to GA for lumbar spine surgery in elderly patients.
Methods: A retrospective, consecutive case series study was performed. All patients aged 70 years and older who

underwent lumbar spine decompression or combined decompression and fusion using either SA or GA during a 2-year

period at a single institution were identified. Demographics and perioperative outcomes were compared.
Results: Of all patients meeting the inclusion criteria, 56 patients (19%) received SA and 239 (81%) received GA.

Patients receiving SA were slightly older (median age, 77 years versus 75 years, P¼ .002), consisted of more men (57%

versus 36%, P¼ .01), and had a lower mean body mass index (28.3 versus 30.1, P¼ .03). Indications for surgery and type
of surgery were similar between groups. On average, operative times with SA were 101 minutes versus 103 minutes with
GA (P¼ .71). After controlling for age, sex, and body mass index, patients receiving SA had decreased estimated blood

loss (b ¼ �75 mL; 95% confidence interval [CI], �140.6, �9.4; P ¼ .025) and intraoperative intravenous fluid
requirements (b¼�205 mL; 95% CI,�389.4,�21.0; P¼ .029), shorter postanesthesia care unit stays (b¼�41 minutes;
95% CI,�64.6,�16.9; P¼ .001), lower maximum visual analog scale pain scores (b¼�0.89 points; 95% CI,�1.6,�0.1; P
¼ .020), and decreased odds of receiving blood transfusion (odds ratio, 0.12; 95% CI, 0.01, 0.62; P¼ .45); there were no

significant differences in operative time, length of stay, nausea, or oral morphine equivalents consumed per day.
Complication rates were similar between groups.

Conclusion: Spinal anesthesia is a reasonable, safe alternative to general anesthesia for lumbar spine surgery in

elderly patients with degenerative conditions.
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INTRODUCTION

General anesthesia (GA) is the most commonly
used technique to anesthetize patients during spine
surgery. Regularly used during hip and knee
procedures, the use of spinal anesthesia (SA) during
elective lumbar spine surgery is an emerging tech-
nique.1 The choice between SA and GA represents a
potentially modifiable factor to limit perioperative
complications with lumbar spine surgery.

Several publications have suggested that SA is a
safe alternative to GA for adults undergoing lumbar
decompression procedures,2–7 and may even have
perioperative benefits.8 Few studies, however, report
on the application of SA for spine surgery in the
geriatric population,9–12 despite the burgeoning
number of elderly patients receiving spine surgery.13

Given that elderly patients are at increased anes-
thetic risk because of their lack of physiologic
reserve, they are a particularly appealing population
for less burdensome anesthesia regimens.

The purpose of this study is to determine whether
SA is a reasonable, safe alternative to GA for spine
surgery in an elderly population. Perioperative
outcomes and complications of SA and GA in a
consecutive series of elderly patients (aged 70 years
or older) undergoing lumbar spine decompression
or combined decompression and fusion procedures
at a single institution were compared.

PATIENTS AND METHODS

With Institutional Review Board approval, we
retrospectively identified a consecutive series of



patients from a prospectively collected database
who were aged 70 years or older and had undergone
lumbar decompression or decompression/fusion by
1 of 2 board-certified orthopaedic surgeons with SA
or GA at our department between December 2013
and October 2015. Patients with a diagnosis of spine
tumor, infection, or fracture were excluded. Pa-
tients’ operative reports, perioperative data, hospi-
tal discharge summaries, and other pertinent
medical records were reviewed.

Patients given SA were determined preoperatively
to be reasonable candidates by their surgeon and
anesthesiologist. Generally, those at high risk for
GA-related complications (eg, those experiencing
cognitive decline or with major cardiovascular
conditions) were offered both options. Patient
preference from prior surgical experience and the
authors’ growing interest in SA also played a role in
anesthetic selection. Contraindication for SA in-
cluded severe aortic stenosis, prior pan-lumbar
fusion, psychiatric disease that would preclude
cooperation with sedation, or an airway at risk for
obstruction with prone positioning. Every patient
receiving SA was managed by a group of anesthesia
providers at our institution who had a unique
interest in and experience with SA.

SA was administered in the following manner:
with the patient sitting, up to 100 lg of fentanyl was
used as premedication, and subcutaneous tissues
were injected with lidocaine. The spinal needle was
advanced towards the spinal canal at the L3 to L4
level. The selected level was shifted cephalad to L2
to L3 or caudal to L4 to L5 or L5 to S1 based on the
surgical location and the levels previously fused. For
decompression surgery, 50 mg of 2% lidocaine was
injected into the subarachnoid space. For combined
decompression/fusion surgery, this was replaced
with 15 mg of 0.5% isobaric bupivacaine and 0.3
mg of preservative-free morphine sulfate. Needle
placement was guided by anatomic landmarks,
without supplemental radiographic guidance.

Once the SA was injected, the patient was
positioned supine on the stretcher. When sensation
was lost from the waist distally, the patient was
positioned prone on a Jackson table (OSI, Union
City, California) allowing for a free-hanging abdo-
men, or a Wilson frame (OSI) in an expanded
position, according to surgeon preference, and given
supplemental oxygen via nasal cannula. After
confirmation of a stable airway, mild sedation was
titrated with propofol based on the preference of the

patient and comfort level of the anesthesiologist.

Sedation to some extent was administered for all
patients. If carbon dioxide monitoring alerted an

obstruction in the patient’s airway, the anesthesiol-

ogist inserted a nasopharyngeal airway. Patients
were intermittently encouraged to move their neck

and arms during the procedure to optimize comfort.

To maintain steady, spontaneous respiration, our
SA paradigm stresses minimal use of intraoperative

narcotics, and it avoids intraoperative benzodiaze-
pine administration. This paradigm is designed to

limit suppression of respiratory drive and decrease

the possibility of apnea. Aspiration risk is reduced
compared with spinal anesthesia in the supine

position because gravity allows potential secretions
or vomit to depart with gravity through the mouth

while in the prone position.

Neuromonitoring was not used because SA
interrupts voltage-gated sodium channels in both

motor and sensory neural synapses, effectively

reducing transmission through the neuroaxis.

The surgeon performed either a decompression or

a combined decompression/fusion procedure via a
posterior approach. Decompression consisted of a

single-level or multilevel laminectomy, laminotomy,

or partial discectomy, based on the stenotic
pathology. All fusions received supplemental instru-

mentation using titanium rods and bilateral pedicle

screws. A posterior intertransverse arthrodesis was
performed for all patients undergoing combined

decompression/fusion, with certain patients receiv-
ing interbody arthrodesis. Bone graft options

included autogenous iliac crest, local bone, cancel-

lous allograft, and/or recombinant human bone
morphogenetic protein-2 (BMP; Infuse, Medtronic

Sofamor Danek, Memphis, Tennessee). The choice
of bone graft varied based on surgeon preference

and patient-specific factors, such as nonunion risk,

nutritional status and bone mineral density. Sup-
plemental steroids or local anesthetics were not used

at the time of closure for any patient.

Decompressions were either performed as inpa-
tient or outpatient procedures. All patients under-

going fusions were admitted to the hospital. Visual
analog scale (VAS) pain scores and nausea (yes or

no) were routinely obtained by nursing staff every

15 to 30 minutes in the postanesthesia care unit
(PACU), and every 8 hours thereafter until hospital

discharge. Maximum VAS was the highest reported
score, from 0 to 10, during the patient’s hospital
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stay. Patients were positive for postoperative nausea
if they responded yes at least once.

Postoperative narcotic requirements were con-
verted into oral morphine equivalents (OMEs) for
comparison purposes using an online calculator
with standardized conversion ratios,14 used by
Armaghani et al.15 Requirements were stratified by
OMEs administered in the PACU per hour, and
OMEs administered as an inpatient per day.

Hospital records were reviewed to determine the
presence of intraoperative complications and com-
plications occurring prior to discharge. Clinic notes
from postoperative follow-ups and any documented
postoperative communications were examined to
determine the occurrence of complications present-
ing after hospital discharge. These events were
defined as either major or minor. Major complica-
tions included cardiorespiratory arrest, respiratory
failure, pulmonary embolism (PE), acute myocardi-
al infarction (MI), arrhythmia requiring interven-
tion, stroke/transient ischemic attack (TIA), wound
infection requiring reoperation, hematoma requir-
ing reoperation, hospital readmission for failure to
thrive, bacterial pneumonia, aspiration pneumonia,
and pneumonia with unknown organism. Other
adverse events were defined as minor complications.

Statistical testing was performed with RStudio,
version 0.98.1091. Continuous, parametric variables
were analyzed using Welch t tests. Two-by-two
contingency tables were analyzed using Fisher exact
tests if any cell value was equal to or less than 5, and
Pearson v2 tests with Yates continuity correction if all
cell values were greater than 5. Pearson v2 tests were
used for analyzing contingency tables with dimensions
larger than two-by-two. Outcomes of SA versus GA
were compared using multivariate regression control-
ling for age, sex, and body mass index (BMI). For all
tests, P values �0.05 were considered significant.

Values are presented in tables as mean 6 SD
(range), mean 6 SD (median, range), or frequency
(%) unless otherwise noted.

RESULTS

Demographics

Between December 2013 and October 2015, a
total of 295 consecutive patients 70 years or older
underwent lumbar spine decompression or decom-
pression/fusion by 1 of 2 surgeons at a single
institution for degenerative pathology. Of these, 56
(19%) received SA and 239 (81%) received GA.

Patients receiving SA were slightly older (median
age, 77 years versus 75 years, P ¼ .002), male
predominant (57% versus 36%, P¼ .01), and had a
lower mean BMI (28.3 versus 30.1, P¼ .03; Table 1).
Patients in both groups had a similar mean
Charlson comorbidity index (CCI; SA, 4.20; GA,
4.44; P¼ .19) and ASA status (SA, 2.68; GA, 2.57; P
¼ .27). SA and GA groups were also similar in their
indications for surgery, percentage undergoing
combined decompression and fusion (SA, 52%;
GA, 65%; P ¼ .51), and percentage undergoing
revision surgery (SA, 25%; GA, 37%; P ¼ .12).

Surgical Characteristics

Operations in the SA group spanned, on average,
1.82 vertebral levels (range, 1–4), compared with
1.94 levels (range, 1–5) in the GA group (P ¼ .35).
The L4 to L5 level was most frequently operated on
in both groups. The most common surgeries in both
groups were combined decompression/fusions of
either L4 to L5 or L4 to S1.

Intraoperative cerebrospinal fluid (CSF) leaks
occurred at a similar rate in both groups (SA, 5%;
GA, 14%; P ¼ .11; Table 1). All cases were fully
repaired at the time they were noted. In the SA
group, all 3 spinal fluid leaks arose from dural
laceration during decompression, not from puncture
with the spinal needle. More procedures using SA
were done as outpatient surgeries compared with
GA (27% versus 13%, P¼ .02).

Outcomes

Mean operating time was similar between SA
(101 minutes) and GA (103 minutes) patients (P ¼
.71; Table 1). GA patients had greater estimated
blood loss (EBL; 269 versus 187 mL; P ¼ .01), and
received more intraoperative intravenous (IV) fluids
(976 versus 753 mL, P ¼ .001). No SA patients
converted to GA.

SA patients spent less time in the PACU (mean,
123 versus 171 minutes, P ¼ .001), reported lower
maximum VAS scores from incision closure through
hospital discharge (mean, 6.21 versus 7.39, P ¼
.002), and had a lower frequency of blood transfu-
sion during their hospital stay (2% versus 13%, P¼
.02; Table 1). Length of stay, occurrence of nausea,
and amount of OMEs consumed per hour in the
PACU and per day as an inpatient did not differ
between groups. SA and GA patients experienced
similar rates of complications.
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Table 1. Characteristics and outcomes of spinal anesthesia (SA) versus general anesthesia (GA) for lumbar spine surgery in elderly patients 70 years and older.

Characteristic SA (n ¼ 56) GA (n ¼ 239) P Value
a

Demographics
Age, mean 6 SD (range), y 78.0 6 5.5 (77, 70–91) 75.5 6 4.4 (75, 70–92) .00***
Male, No. (%) 32 (57) 87 (36.4) .01***
BMI, mean 6 SD (range) 28.3 6 5.6 (17.2–47.3) 30.1 6 5.8 (16.6–49.8) .03***
CCI, mean 6 SD (median, range) 4.20 6 1.20 (4, 3–8) 4.44 6 1.30 (4, 3–10) .19
ASA mean 6 SD (median, range) 2.68 6 0.66 (3, 2–4) 2.57 6 0.57 (3, 1–4) .27
Taking antiplatelet or anticoagulant, No. (%) 28 (50) 133 (55.6) .54
Sleep apnea, No. (%) 6 (10.7) 27 (11.3) 1.00

Primary diagnosis, No. (%)
Stenosis 23 (41.1) 64 (26.8) .05
Disk herniation 4 (7.1) 19 (7.9) 1.00
Spondylolisthesis 19 (33.9) 86 (36.0) .89
Severe foraminal stenosis 3 (5.4) 29 (12.1) .23
Scoliosis 4 (7.1) 13 (5.4) .54
Severe adjacent segment disease 1 (1.8) 23 (9.6) .06
Recurrent disk herniation 1 (1.8) 2 (0.8) .47
Nonunion 1 (1.8) 3 (1.3) .57
Total .12

Surgical characteristics
Combined decompression/fusion, No. (%) 29 (51.8) 156 (65.3) .51
Revision, No. (%) 14 (25.0) 89 (37.2) .12
Interbody, No. (%) 22 (39.3) 117 (49.0) .25
Intraoperative CSF leak, No. (%) 3 (5.4) 33 (13.8) .11
Operative time, mean 6 SD (range), min 101 6 42 (30–210) 103 6 48 (30–300) .71
EBL, mean 6 SD (range), mL 187 6 190 (20–700) 269 6 219 (20–1500) .01***
Intraoperative IV fluids, mean 6 SD (range), mL 753 6 404 (73–1669) 976 6 622 (0.5–3112) .00***
Outpatient, No. (%) 15 (26.8) 31 (13.0) .02***
Time in PACU, mean 6 SD (range), min 123 6 58 (32–310) 171 6 83 (36–716) .00***
Length of stay, mean 6 SD (median, range), days 2.41 6 1.30 (3, 1–6) 2.69 6 1.48 (3, 1–11) .16
Nausea, No. (%) 12 (21.4) 48 (20.1) .97
Max VAS score, 0–10, mean 6 SD (median, range) 6.21 6 2.50 (6, 0–10) 7.39 6 2.49 (8, 0–10) .00***
OMEs in PACU per hour, mean 6 SD (range) 8.38 6 13.6 (0–64.8) 5.66 6 7.23 (0–45.7) .15
OMEs as inpatient per day, mean 6 SD (range) 34.8 6 32.0 (0–161.7) 37.5 6 36.5 (0–282.5) .64
Blood transfusion, No. (%) 1 (1.8) 30 (12.6) .02***

Complications, No. (%)b

Total 10 (17.9) 63 (26.4) .25
Major 3 (5.4) 10 (4.2) .72
Minor 7 (12.5) 53 (22.2) .15
Thromboembolic 0 (0) 11 (4.6) .13
Urologic 2 (3.6) 21 (8.8) .27
Cardiac 3 (5.4) 5 (2.1) .18
Neurologic 2 (3.6) 6 (2.5) .65
PE 0 (0) 2 (0.8) 1.00
MI 1 (1.8) 0 (0) .19
Arrhythmia requiring intervention 1 (1.8) 0 (0) .19
Stroke/TIA 0 (0) 2 (0.8) 1.00
Readmitted for failure to thrive 0 (0) 2 (0.8) 1.00
Wound complication requiring surgical debridement 1 (1.8) 3 (1.3) .57
Hematoma requiring surgery 0 (0) 1 (0.4) 1.00
DVT 0 (0) 9 (3.8) .22
UTI 1 (1.8) 12 (5.0) .47
Urinary retention 1 (1.8) 9 (3.8) .69
Arrhythmia 1 (1.8) 5 (2.1) 1.00
Positional headaches 0 (0) 1 (0.4) 1.00
CSF leak repair 0 (0) 1 (0.4) 1.00
Altered mental status 2 (3.6) 3 (1.3) .24
Syncopal episode 0 (0) 2 (0.8) 1.00
Transient foot drop 1 (1.8) 1 (0.4) .34
Clostridium difficile 0 (0) 1 (0.4) 1.00
Peripheral edema 0 (0) 1 (0.4) 1.00
Yeast infection 0 (0) 4 (1.8) 1.00
Wound cellulitis 1 (1.8) 4 (1.8) 1.00

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson comorbidity index; CSF, cerebrospinal fluid; DVT, deep vein
thrombosis; EBL, estimated blood loss; IV, intravenous; MI, myocardial infarction; OME, oral morphine equivalent; PACU, postanesthesia care unit; PE, pulmonary
embolism; TIA, transient ischemic attack; UTI, urinary tract infection; VAS, visual analog scale.
aAsterisks denote statistically significant at P � .05.
bMajor complications are bolded.
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When controlling for age, sex, and BMI, SA

patients had decreased EBL by 75 mL (95%

confidence interval [CI], �140.6, �9.4; P ¼ .025)

and intraoperative IV fluid requirements by 205 mL

(95% CI, �389.4, �21.0; P ¼ .029; Table 2). SA

patients spent 41 minutes less in the PACU (95%

CI,�64.6,�16.9; P¼ .001) and consumed 2.7 OMEs

more per hour in the PACU (95% CI, 0.03, 5.4; P¼
.048). Maximum VAS scores throughout hospital

stay were 0.89 points lower among SA patients

(95% CI,�1.6,�0.1; P¼ .020). Patients receiving SA

had decreased odds of receiving a blood transfusion

while in the hospital (odds ratio, 0.12; 95% CI, 0.01,

0.62; P ¼ .45).

Subanalyses of Decompression Only and

Combined Decompression/Fusion Procedures

Subanalyses of patients undergoing decompres-

sion only (SAD versus GAD) and combined

decompression/fusion (SADF versus GADF) were

also performed. Compared with the group GAD,

group SAD was slightly older (median, 78 versus 75

years, P¼ .02), had less EBL (67 versus 118 mL, P¼
.01), and spent less time in the PACU (130 versus

165 minutes, P ¼ .03; Table 3). All other meas-

urables between groups were similar, including

frequency of complications. Compared with group

GADF, group SADF had more men (55% versus

33%, P¼ .04), received less intraoperative IV fluids

(930 versus 1215 mL, P¼ .004), spent less time in the

PACU (117 versus 174 minutes, P¼ .001), and had

lower postoperative VAS pain scores (6.7 versus 8.1,

P ¼ .001; Table 4). The rest of the variables,

including frequency of complications, were similar

between groups.

DISCUSSION

We report a single institution’s experience with
patients 70 years and older undergoing lumbar spine
surgery using either SA or GA. The results of this
retrospective, consecutive case series show that SA
is a reasonable, safe alternative to GA in elderly
patients receiving lumbar spine decompression or
decompression/fusion procedures. This study bol-
sters previous observations that SA is feasible for
spine surgery in the geriatric population, and
expands the literature by comparing its use in
lengthy decompression/fusion procedures to a GA
cohort.

Until recently, investigations of SA for spine
surgery have focused on the adult population. A
meta-analysis of randomized controlled trials com-
paring SA to GA for adults undergoing lumbar
decompression suggested that SA may hold periop-
erative benefits over GA.8 The meta-analysis
showed that patients receiving SA experience less
postoperative nausea and vomiting, shorter lengths
of stay, and less intraoperative EBL, despite similar
surgical durations. The incidence of intraoperative
hypotension and postoperative urinary retention
was similar between anesthetic techniques.

The first study of SA for spine surgery in the
geriatric population presented a case series of 56
patients 70 years and older (median, 77 years; range,
70–91 years) receiving lumbar spine decompression
or combined decompression/fusion.12 The novel
report was the first to show the safe use of SA for
spine surgery in patients older than 84 years and for
surgeries lasting up to 3.5 hours. All of the patients
survived, and there were no instances of stroke, PE,
permanent loss of function, or conversion to general
anesthesia. No cases required supplemental intra-

Table 2. Comparing outcomes of spinal anesthesia (SA) versus general anesthesia (GA) for lumbar spine surgery in elderly patients 70 years and older; multivariate

regression controlled for age, sex, and body mass index.

Variable Regression Type

Multivariate Regression Favorable Technique

OR/b (95% CI) P Value
a

SA/GA/Similar

Operative time (min) Linear (b) 0.94 (�13.17, 15.06) .896 Similar
Estimated blood loss (mL) Linear (b) �75.01 (�140.61, �9.41) .025*** SA
Intraoperative IV fluids (mL) Linear (b) �205.23 (�389.44, �21.03) .029*** SA
Time in PACU (min) Linear (b) �40.71 (�64.55, �16.86) .001*** SA
Length of stay (days) Linear (b) �0.14 (�0.57, 0.30) .534 Similar
Nausea Logistic (OR) 1.18 (0.54, 2.46) .664 Similar
Max VAS score (0–10) Linear (b) �0.89 (�1.63, �0.14) .020*** SA
OMEs in PACU per hour Linear (b) 2.69 (0.03, 5.35) .048*** GA
OMEs as inpatient per day Linear (b) �0.29 (�12.74, 12.16) .964 Similar
Blood transfusion Logistic (OR) 0.12 (0.01, 0.62) .045*** SA

Abbreviations: CI, confidence interval; IV, intravenous. OME, oral morphine equivalents; OR, odds ratio; PACU, postanesthesia care unit; VAS, visual analog scale.
aAsterisks denote statistically significant at P � 0.05.
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operative spinal anesthetic. Unfortunately, there
was no GA cohort for comparison.

The second study of SA for spine surgery in the
geriatric population compared outcomes of lumbar
decompression in 146 SA patients to those in 292 GA
patients.16 The SA group was selected based on high

cardiovascular and/or pulmonary risk (American
Society of Anesthesiologists [ASA] score II–IV).
There was no ASA cutoff for the GA group. All

surgeries were less than 90 minutes, and patients with
diagnoses of spondylolisthesis or scoliosis were
excluded. The SA group was significantly older (75
years versus 69 years), had a lower mean BMI (25.8

versus 27.2) and had a higher mean ASA score (3

versus 2). Patients receiving SA experienced decreases
in: (1) duration of surgery, (2) number of hypotensive

events, (3) amount of intraoperative vasopressors, (4)

EBL, (5) transfusion rate, (6) VAS in PACU, (7) time
in PACU, (8) nausea and vomiting, and (9) total cost.

Complication rates were similar between groups. The
authors concluded that SA is superior to GA for

high-risk patients undergoing spine surgery. Despite

the positive findings of these 2 studies, many
clinicians still question whether SA is a viable option

for spine procedures in the geriatric population,

particularly for surgeries lasting upwards of 3 hours.

Table 3. Characteristics and outcomes of spinal anesthesia (SAD) versus general anesthesia (GAD) for lumbar spine decompression in elderly patients 70 years

and older.

Characteristic SAD (n ¼ 27) GAD (n ¼ 83) P Valuea

Demographics
Age, mean 6 SD (median, range) 79.4 6 6.2 (78, 70–91) 76.2 6 5.1 (75, 70–92) .02***
Male, No. (%) 16 (59) 36 (43) .22
BMI, mean 6 SD (range) 28.2 6 6.0 (17.2–47.3) 29.9 6 5.2 (16.6–41.2) .20
CCI, mean 6 SD (median, range) 4.15 6 1.13 (4, 3–7) 4.24 6 1.17 (4, 3–8) .72
ASA, mean 6 SD (median, range) 2.67 6 0.55 (3, 2–4) 2.54 6 0.55 (3, 1–4) .33
Taking antiplatelet or anticoagulant 16 (59) 46 (55) .90
Sleep apnea, No. (%) 2 (7) 5 (6) 1.00

Primary diagnosis, No. (%)
Stenosis 23 (85) 64 (77) .43
Disk herniation 4 (15) 19 (23) .43

Surgical characteristics
Revision, No. (%) 3 (11) 18 (22) .27
Intraoperative CSF leak, No. (%) 1 (4) 9 (11) .45
Operative time, mean 6 SD (range), min 70 6 24 (30–120) 60 6 22 (30–170) .06
EBL, mean 6 SD (range), mL 67 6 85 (20 – 400) 118 6 110 (20–600) .01***
Intraoperative IV fluids, mean 6 SD (range), mL 555 6 253 (144–1271) 530 6 323 (0.5–1310) .69
Outpatient, No. (%) 15 (56) 31 (37) .15
Time in PACU, mean 6 SD (range), mins 130 6 65 (44–310) 165 6 83 (43–401) .03***
Length of stay, mean 6 SD (median, range), days 1.67 6 1.27 (1, 1–6) 1.43 6 0.95 (1, 1–5) .39
Nausea, No. (%) 3 (11) 14 (17) .66
Max VAS score, mean 6 SD (range), 0–10 5.70 6 2.83 (0–10) 6.02 6 2.92 (0–10) .61
OMEs in PACU per hour, mean 6 SD (range) 12.0 6 17.8 (0–64.8) 5.0 6 6.0 (0–26.8) .05
OMEs as inpatient per day, mean 6 SD (range) 38.1 6 50.8 (0–161) 32.1 6 29.4 (0–150) .66
Blood transfusion, No. (%) 0 (0) 0 (0) 1.00

Complications, No. (%)b

Total 5 (18.5) 14 (16.9) 1.00
Major 1 (3.7) 3 (3.6) 1.00
Minor 4 (14.8) 11 (13.3) 1.00
Thromboembolic 0 (0) 4 (4.8) .57
Urologic 1 (3.7) 5 (6.0) 1.00
Cardiac 1 (3.7) 0 (0) .25
Neurologic 1 (3.7) 0 (0) .25
PE 0 (0) 1 (1.2) 1.00
Wound complication requiring surgical debridement 1 (3.7) 1 (1.2) .43
Hematoma requiring surgery 0 (0) 1 (1.2) 1.00
DVT 0 (0) 3 (3.6) 1.00
UTI 0 (0) 2 (2.4) 1.00
Urinary retention 1 (3.7) 3 (3.6) 1.00
Arrhythmia 1 (3.7) 0 (0) .25
CSF leak repair 0 (0) 1 (1.2) 1.00
Altered mental status 1 (3.7) 0 (0) .25
Transient foot drop 1 (3.7) 1 (1.2) .43
Wound cellulitis 0 (0) 1 (1.2) 1.00

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson comorbidity index; CSF, cerebrospinal fluid; DVT, deep vein
thrombosis; EBL, estimated blood loss; IV, intravenous; MI, myocardial infarction; OME, oral morphine equivalent; PACU, postanesthesia care unit; PE, pulmonary
embolism; TIA, transient ischemic attack; UTI, urinary tract infection; VAS, visual analog scale.
aAsterisks denote statistically significant at P � .05
bMajor complications are bolded.
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In the current study, several lengthy procedures were
reported: the SA group had a mean operative time of
101 minutes, with 21 cases lasting between 2 and 3
hours, and 5 lasting more than 3 hours. The safety
and efficacy of SA observed with operative times of

up to 3 hours and 30 minutes suggest that SA may be
appropriate for longer periods than previously
thought.

The current study demonstrated several superior
outcomes for patients receiving SA. First, patients

Table 4. Characteristics and outcomes of spinal anesthesia (SADF) versus general anesthesia (GADF) for lumbar spine combined decompression and fusion in

elderly patients 70 years and older.

Characteristic SADF (n ¼ 29) GADF (n ¼ 156) P Valuea

Demographics
Age, mean 6 SD (median, range) 76.8 6 4.6 (75, 70–87) 75.2 6 4.0 (75, 70–88) 0.09
Male, No. (%) 16 (55) 51 (33) 0.04***
BMI, mean 6 SD (range) 28.3 6 5.3 (19.1–38.1) 30.2 6 6.1 (18.8–49.8) 0.10
CCI, mean 6 SD (median, range) 4.21 6 1.33 (4, 3–8) 4.54 6 1.35 (4, 3–10) 0.27
ASA, mean 6 SD (median, range) 2.69 6 0.76 (3, 2–4) 2.59 6 0.58 (3, 1–4) 0.49
Taking antiplatelet or anticoagulant, No. (%) 12 (41) 30 (20) 0.22
Sleep apnea, No. (%) 4 (14) 22 (14) 1.00

Indication for fusion, No. (%)
Spondylolisthesis 19 (66) 86 (55) 0.40
Severe foraminal stenosis 3 (10) 29 (19) 0.42
Scoliosis 4 (14) 13 (8) 0.31
Severe adjacent segment disease 1 (3) 23 (15) 0.13
Recurrent disk herniation 1 (3) 2 (1) 0.40
Nonunion 1 (3) 3 (2) 0.50
Total 0.35

Surgical characteristics
Revision, No. (%) 11 (38) 71 (46) 0.58
Interbody, No. (%) 22 (76) 117 (75) 1.00
Intraoperative CSF leak, No. (%) 2 (7) 24 (15) 0.38
Operative time, mean 6 SD (range), min 130 6 32 (80–210) 127 6 41 (50–300) 0.61
EBL, mean 6 SD (range), mL 303 6 193 (20–700) 351 6 221 (60–1500) 0.24
Intraoperative IV fluids, mean 6 SD (range), mL 930 6 434 (73–1669) 1215 6 612 (5.9–3112) 0.00***
Time in PACU, mean 6 SD (range), min 117 6 51 (32–240) 174 6 83 (36–716) 0.00***
Length of stay, mean 6 SD (median, range), days 3.10 6 0.90 (3, 2–6) 3.40 6 1.25 (3, 2–11) 0.20
Nausea, No. (%) 9 (33) 34 (22) 0.40
Max VAS score, mean 6 SD (median, range), 0–10 6.69 6 2.09 (7, 0–10) 8.12 6 1.86 (8, 2–10) 0.00***
OMEs in PACU per hour, mean 6 SD (range) 5.0 6 6.8 (0–22.6) 6.0 6 7.8 (0–45.9) 0.48
OMEs as inpatient per day, mean 6 SD (range) 33.1 6 30.0 (5–74.2) 39.3 6 38.4 (0–282.5) 0.22
Blood transfusion, No. (%) 1 (3) 30 (20) 0.05

Complications, No. (%)b

Total 5 (17.2) 49 (31) 0.18
Major 2 (6.9) 7 (4.5) 0.63
Minor 3 (10.3) 42 (27.0) 0.06
Thromboembolic 0 (0) 7 (4.5) 0.60
Urologic 1 (3.4) 16 (10.2) 0.48
Cardiac 2 (6.9) 5 (3.2) 0.30
Neurologic 1 (3.4) 6 (3.8) 1.00
DVT 0 (0) 6 (3.8) 0.59
PE 0 (0) 1 (0.6) 1.00
UTI 1 (3.4) 10 (6.4) 1.00
Urinary retention 0 (0) 6 (3.8) 0.59
MI 1 (3.4) 0 (0) 0.16
Arrhythmia requiring intervention 1 (3.4) 0 (0) 0.16
Arrhythmia 0 (0) 5 (3.2) 1.00
Stroke/TIA 0 (0) 2 (1.3) 1.00
Positional headaches 0 (0) 1 (0.6) 1.00
CSF leak repair 0 (0) 0 (0) -
Altered mental status 1 (3.4) 3 (1.9) 0.50
Syncopal episode 0 (0) 2 (1.3) 1.00
Readmitted for failure to thrive 0 (0) 2 (1.3) 1.00
Clostridium difficile 0 (0) 1 (0.6) 1.00
Peripheral edema 0 (0) 1 (0.6) 1.00
Yeast infection 0 (0) 4 (2.6) 1.00
Wound complication requiring surgical debridement 0 (0) 2 (1.3) 1.00
Wound cellulitis 1 (3.4) 3 (1.9) 0.50

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson comorbidity index; CSF, cerebrospinal fluid; DVT, deep vein
thrombosis; EBL, estimated blood loss; IV, intravenous; MI, myocardial infarction; OME, oral morphine equivalent; PACU, postanesthesia care unit; PE, pulmonary
embolism; TIA, transient ischemic attack; UTI, urinary tract infection; VAS, visual analog scale.
aAsterisks denote statistically significant at P � 0.05.
bMajor complications are bolded.
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receiving SA were more hemodynamically stable
during surgery. After controlling for age, sex, and
BMI, SA patients had decreased intraoperative fluid
requirements, EBL, and transfusion rate. Theoret-
ically, SA blocks sympathetic signaling causing
vasodilation, hypotension, and subsequent retention
of intravascular and extravascular fluid, which is
one potential explanation for these findings. Multi-
variate regression also revealed that SA patients
reported lower maximum VAS scores during their
hospital stay. Although lower pain scores in SA
patients may have been driven by increased OMEs
per hour in the PACU, the OMEs consumed per
day across the inpatient stay were similar. Lastly,
SA patients spent less time in the PACU. Improved
postoperative efficiency and transfer to the spine
surgery inpatient unit among SA patients could be a
function of improved intraoperative hemodynamics
and subjective pain severity.

Importantly, none of the measured outcomes
favored GA over SA, aside from SA patients
consuming more OMEs per hour in the PACU per
hour. There was no difference in the frequency of
major, minor, thromboembolic, urologic, cardiac,
neurologic, or specific complications between
groups. In GA patients, there was a 4% occurrence
of major complications (PE, stroke/TIA, hospital
readmission for failure to thrive, wound infection
requiring reoperation, and hematoma requiring
reoperation) versus 5% in SA patients (acute MI,
arrhythmia requiring intervention, and wound
infection requiring reoperation). The frequency of
minor complications was also similar regardless of
anesthesia type.

SA may be an appealing option for those at high
risk for postoperative delirium, which is associated
with increased length of stay, hospital cost, and
cognitive decline.17,18 Using a validated assessment
method, 1 study reported its incidence to be 40.5%
after spine surgery in older adults.19 Given that
reduced depth of anesthesia decreases the incidence
of postoperative delirium,20 spinal anesthesia could
potentially lessen postoperative neurologic dysfunc-
tion. A limitation of the current study is that a
formal delirium assessment was not carried out
uniformly using a validated instrument.

Disadvantages of SA include the potential for
CSF leak while injecting the anesthetic, and the
short half-lives of the injectable agents. Symptom-
atic CSF leaks after spinal anesthesia are reported
to occur at rates between 2% and 12% depending

upon the size of the spinal needle.21 Fortunately, the
rate of CSF leaks in the SA group was only 5%, and
none arose from spinal needle puncture. Because the
half-lives of lidocaine and bupivicaine are 1.5 to 2
hours and 2.7 hours, respectively, SA could wear off
prior to the end of the procedure. In this scenario,
additional SA can be administered by the surgeon
via an intrathecal injection within the surgical field.
To date, such has not been necessary in our
institution’s experience of more than 200 patients
with surgical durations up to 3 hours and 30
minutes.22

The present study has several weaknesses. Given
the study design, there may have been selection bias
as reflected in demographic differences between
groups, namely age, sex, and BMI. These differences
were controlled for with multivariate regression
when comparing outcomes. Additionally, long-term
outcomes were not obtained but are provided
elsewhere.23,24,25 Finally, despite the use of a
prospective registry, the data were analyzed retro-
spectively.

Herein constitutes an accurate snapshot of one
institution’s experience using spinal anesthesia for
elderly spine surgery—all consecutive patients meet-
ing the selection criteria since the adoption of this
technique by the surgeons were included in the
analysis. Hospital records and clinic notes were
available for 100% of patients in both groups,
which is a particular strength of the study.

CONCLUSION

SA is a reasonable, safe alternative to GA for
elderly patients undergoing spine surgery. Prospec-
tive randomized trials are necessary to further
characterize the differences between both techniques
in this population, and ultimately determine which
technique is superior.
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